The marine environment provides a range of ecosystem services and benefits for society. A previous study in Marine Policy [1] advocated a matrix approach to demonstrate the relative degree of ecosystem service provision from habitats and species within UK Marine Protected Areas (MPAs), but excluded seabird species in its assessment. Despite the number of existing UK MPAs designated specifically for individual seabird species and/or seabird assemblages, and the fact that seabird species have long been used as policy-relevant indicators for the monitoring and management of the marine environment, as yet little research has focussed on the direct role of seabird species in the provision of ecosystem services and how these are captured for marine spatial planning purposes in the context of MPAs. Building on the matrix approach, this paper develops and populates a matrix to illustrate the relationship between key UK breeding seabird species and their relative contribution to the delivery of intermediate ecosystem services and goods/benefits. The original matrix approach has been strengthen to include the development and testing of a set of rules for combining multiple matrices. Confidence scores relating to the underlying evidence base are built into the matrix to provide an illustration of the current understanding and to identify current gaps in evidence. Following a sense check by external seabird experts the matrix is applied in the context of four existing UK MPA case study sites. Further developments and applications of the seabird matrix are discussed within the context of wider marine management.
Introduction
There has been a growing interest in ecosystem services research since the work of Costanza et al. [2] who valued the world's ecosystem services and natural capital. One of the earliest definitions of ecosystem services was provided by Daily [3] who defined them as the 'conditions and processes through which natural ecosystems, and the species they include, sustain and fulfil human life' however to date there has been no agreed definition in the literature [4] . Following the work of Fisher et al. [5] , Luisetti et al. [6] and Turner et al. [7] ecosystem services are defined here as 'the link between ecosystems and the benefits that they provide for society'. This definition recognises that ecosystem services are provided by natural ecosystems (both habitats and species), however for ecosystem services to be realised as a benefit for society, society must input built, human and/or social capital [7] . Fisher et al. [5] make a further distinction by stating that 'while most ecosystem structures and processes do provide services they are not the same thing' thus leading to a generic classification based around intermediate ecosystem services associated with indirect benefits, and final ecosystem services associated with direct benefits. This approach avoids any potential for double counting of benefits, which is particularly important when it comes to valuation [8] . In the UK, this distinction has been taken forward by the UK National Ecosystem Assessment (UKNEA) which focused on the processes that link human society and well-being to a wide range of terrestrial and aquatic habitats [9] . Although this generic ecosystem services framework was applied to both coastal margins and marine ecosystems, it was specifically modified for the marine environment under the NERC-funded Valuing Nature Network (VNN 1 ) coastal management project [1] and workshops within the UK National Ecosystem Assessment Follow-On (UKNEAFO) project [10] . The final UKNEAFO framework is presented in Figure 1 , with definitions of each intermediate ecosystem service and goods/benefits provided by UK seabird species being listed in Table 2 . The UK NEAFO ecosystem service framework [7] As part of the VNN programme, a desk-based study was undertaken to examine the potential relationships between the provision of coastal ecosystem services and the designation of Marine Protected Areas (MPAs) [1] . Their study, building on the earlier work of Fletcher et al. [11] , identified the relative importance of a range of UK protected habitats and species in the provision of intermediate ecosystem services and goods/benefits. This structured assessment, based on evidence from the literature and expert opinion, enabled rapid assessments to be undertaken on the intermediate ecosystem services and goods/benefits provided by a range of existing UK MPAs. This approach was further developed by Saunders et al. [12] to include those habitats and species provided in Northern Irish waters as well as to further developments of the ecosystem service framework including the incorporation of well-being and physical and psychological benefits from services [7] . Such an assessment provides a useful qualitative tool to assess wider benefits provided by existing and future MPAs. For example, the matrices for habitats and species have since been used by the Scottish Government to inform the consultation process underpinning the designation of marine conservation protected areas in Scotland [13] . Recently the approach was applied locally within the context of the Moray Firth as a test-bed for wider application with stakeholders in the regional marine planning process including consideration of pressures and resolution of conflicts, in line with the Scottish Government's sustainability agenda [14] . The matrices are also being developed for application to a series of MPAs off the Xiamen coast in China [15] . The species matrices presented in Potts et al. [1] and Saunders et al. [12] did not include seabird species. It is argued here that seabirds should have been included in the assessment as they are top marine predators and are policy-relevant indicators for the monitoring and management of the marine environment [16, 17] . The value of seabirds as both qualitative and quantitative indicators has been discussed in the literature [18] . Top predator populations, such as seabirds, reflect the variation of lower trophic levels they depend on [19] . Therefore, demographic parameters such as breeding success are valuable as an ecological indicator of environmental changes and anthropogenic pressures [20] . In the context of the regulatory framework, Black-legged kittiwake (Rissa tridactyla) productivity, for example, is used as a state indicator as well as a target to monitor progress towards achieving Good Environmental Status under the EU Marine Strategy Framework Directive (2008/56/EC). As well as being valuable ecological indicators of the health of the marine environment, seabirds have also been identified as key indicators of ecosystem service provision [21, 22] . For example, the number and breeding success of Black-legged kittiwake at Skomer Marine Nature Reserve, Wales, has been proposed as appropriate indicators to identify the scale and trajectory of change in ecosystem service provision over time [21] .
Within the UK, all four government administrations are committed to the shared vision of 'clean, healthy, safe productive and biologically diverse oceans and seas' and consider nature conservation to be an integral part of this vision. The UK Marine Policy Statement (2011) states that 'creating a UKwide ecologically coherent network of MPAs is a key element of its wider work to recover and conserve the richness of our marine environment and wildlife' [23] . Within the UK, all seabirds and seaducks (with the exception of the Black guillemot, Cepphus grille) must be accorded protection within Special Protection Areas (SPAs) under the EU Wild Birds Directive (2009/147/EC). In addition, the Black guillemot is protected under the national legislation of both Scotland and Northern Ireland. There are currently 102 SPAs which have marine components designated in the UK and therefore these sites form a large component of an ecologically coherent network of MPAs in the UK [24] . This paper develops and populates a matrix, based on an established methodology, to identify the relative provision of intermediate ecosystem services and goods/benefits by UK breeding seabird species. In order to strengthen the transparency of the methodology, this paper develops and tests a set of rules for combining multiple matrices. The final seabird matrix generated within this paper is applied to real-world MPA case study sites to demonstrate its potential to support management within designated sites, particularly in terms of identifying the diversity and importance of a range of ecosystem services. We argue that the matrix approach can support a wider discussion with policy, the private sector and civil society of the role and extent of societal benefits from nature, and in this case, seabirds in particular in line with international commitments in biodiversity policy. Despite its focus on UK breeding seabird species, the methodology and outcomes of this paper are of global relevance given the highly mobile nature of seabird species.
Methodology
The methodology employed here generally follows that presented in Saunders et al. [12] but with a focus on UK seabird species. A five-step process was followed: (1) Selection of UK seabird species to include in the matrix; (2) Definition of intermediate ecosystem services and goods/benefits provided by UK seabird species; (3) Population of UK seabird matrix; (4) Combination of multiple matrix assessments, and (5) Sense check and subsequent refinement of the matrix. Each of these steps are described in detail below.
Selection of UK seabird species to include in the matrix
The first challenge was to define which species to include within the matrix. A total of 106 bird species are known to use UK marine waters, of which 45 species are known to occur in numbers greater than 50 [25] . The number of species using UK marine waters varies seasonally: whilst there is a large influx of seaducks, divers and grebes in coastal waters in winter, a greater number of true marine seabirds use coastal areas/islands in the summer months to nest. There are more than seven million breeding pairs of true marine seabirds in the UK, which are comprised of 25 species in eight families [25] . SPAs in the UK have been designated at sea where high concentrations of these species occur. In addition, six of these species are on the UK Red list of conservation concern, because of their declining breeding numbers [26] . In order to develop the matrix in a manageable way and deal with the seabird assemblage that is most relevant to the designated MPAs, this paper focusses on this assemblage of 25 seabird species which depend on the UK marine environment for their survival, as defined by the Joint Nature Conservation Committee (JNCC) (Table1). Population data are available for all of these seabird species as they regularly breed in Britain and Ireland and thus form part of the JNCC Seabird Monitoring Programme [25] . 
Definition of intermediate ecosystem services and goods/benefits provided by seabird species
For consistency in approach [12] , the UK NEAFO ecosystem service framework was used (Figure 1) , with the assessment focussing on both intermediate ecosystem services and the goods/benefits they deliver for society. Separate rankings of the final ecosystem services (as identified in Figure 1 ) was deemed unnecessary as contributions are inherently captured through scoring goods/benefits and inclusion of further columns would reduce the clarity and manageability of the matrix and potentially build in double counting. Based on the definitions provided by Turner et al. [7] a number of intermediate ecosystem services and goods/benefits are provided by UK seabird species based on evidence from the literature or expert opinion (Table 2 ). Other intermediate ecosystem services (Primary production, Larval and gamete supply, Water cycling, Formation of physical barriers, Natural hazard regulation, Carbon sequestration) and goods/benefits (Fish feed, Fertiliser and biofuels, Ornaments and aquaria, Medicines and blue biotechnology, Healthy climate, Prevention of coastal erosion, Sea defence) were deemed not to be provided by UK seabird species and therefore are not included in Table 2 . The definitions ensured that the seabird experts who were tasked with population of the matrix had a strong understanding of the definitions and their relevance to UK seabirds; example references have been included where evidence of relationships between seabirds and ecosystem service provision have been identified. 
Nutrient cycling
The influence of coastal and marine biota on the movement or exchange of organic and inorganic matter.
Seabirds have an influence on nutrient cycling processes. They are significant consumers of primary production; colonial seabirds in particular transport nutrients from pelagic waters to island and coastal breeding sites. The input of nutrients (e.g. nitrogen, [28, 29, 30, 31] phosphorus) can contribute to an increase in primary productivity within and or in the vicinity of the breeding site. A significant fraction of the nitrogen at breeding colonies is also lost as ammonia (NH 3 ) emission to the atmosphere and can have an impact on the local ecosystem.
Formation of specieshabitat
The contribution of coastal and marine biota to habitat formed by one species but providing suitable niches for other species.
Seabird colonies provide and enhance species and habitat diversity. Several global studies have shown the physical and chemical impact seabird colonies can have on the terrestrial habitat, and their subsequent effects on primary producers (e.g. plant) and consumers (e.g. arthropods). Of particular UK relevance are true burrow nesting seabird species such as Atlantic puffin and Manx shearwater which form burrows along sea cliffs and islands. These species can make a significant physical impact to the habitat by improving fertility and soil structure (i.e. biopedturbation) and potentially providing a suitable niche for other species to habit. [32, 33, 34, 35, 36] 
Formation of seascape
The contribution of coastal and marine biota to supporting the formation of different coastal and marine views ('seascapes').
Seabird colonies are part of the seascape. Colonial seabirds (e.g. Northern gannet, Black-legged kittiwakes and auks) that nest in large numbers on cliffs, and are widely distributed along the UK coastline in summer, are an inherent part of the seascape that is widely recognised by society. As such, these species score more highly than those seabird species, which may be of smaller size colony, of nocturnal habits or nesting in offshore islands (e.g. petrels and shearwaters).
Expert opinion.
Biological control
The contribution of coastal and marine biota to the maintenance of population dynamics, resilience through food web dynamics, disease and pest control.
As a top predator, seabirds control marine organisms. Given the role of seabirds in marine food webs then they contribute to biological control as they feed on fish and other marine organisms.
Waste breakdown and detoxification
The presence of coastal and marine biota which have the potential to remove anthropogenic contaminants and organic inputs.
Seabirds play an important role in waste breakdown. Many seabird species are reliant on offal and discarded fish for their survival, in particular Northern gannets, Northern fulmars, large gull species and skuas. These scavenging birds contribute, albeit at low levels, to waste breakdown at sea and around harbours, and thus enable species lower down the food web to feed on organic inputs. This service is mostly provided by scavenging gulls; there is indirect evidence that Herring gull and Lesser black-backed gull, make a significant contribution to this service by breaking down and removing organic matter at landfill sites. [37, 38, 39] 
Goods/ Benefits

Definition
Role of UK seabirds Example References
Food (wild, farmed)
Extraction of coastal and marine biota for human consumption.
Seabirds are a source of food. Eggs and seabird hunting for human consumption were a source of subsistence for UK coastal communities until the Seabird Preservation Act 1869 and the Wild Birds Protection Act 1954 made the shooting and taking of seabirds' eggs illegal. However, there continues to be a licenced hunt of young Northern gannet (also called gugas) on the Island of Sula Sgeir; gugas are consumed by the habitants of Ness, the northern district of the Isle of Lewis (Scotland) . Except for this [40] ©2018, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/ localised peculiarity, this good/benefit is not relevant at the UK scale.
Waste burial / removal / neutralisation
Contribution of coastal and marine biota to achieving pre-defined policy standard related to waste levels in water by natural waste burial, removal and neutralisation.
Seabirds are natural scavengers and they contribute towards this good/benefit by recycling organic matter (e.g. discarded fish and offal) back into the marine ecosystem. This good/benefit is provided by the scavenging gull species, Northern gannets and skuas. Herring gull and Lesser black-backed gull make a significant contribution to this good/benefit to society by breaking down and removing organic matters at landfill sites. These species can travel from coastal colonies to inland landfill sites to exploit this food source.
[ 37, 38, 39] Tourism and nature watching
Benefits from recreation, leisure driven by coastal seascapes and their associated coastal and marine biota.
Seabird species, as contributors to the natural UK seascape provides significant contributions in the form of tourism and in particular nature watching. For example, gull species are synonymous with the characteristic UK seaside. In addition, both Northern gannet and Atlantic puffin contribute to this good/benefit as they are charismatic species, and found in relatively large numbers around the coast. Species which are observed in lower numbers or breeding further offshore are considered to contribute less to this good/benefit (such as the petrels and skuas). Literature on site management and policy links seabirds to tourism and recreation.
[ 41, 42, 43, 44] Spiritual and cultural wellbeing
Ability to enjoy preferred lifestyle, culture, heritage, folklore, religion, creative inspiration, and spirituality; sense of place (use-driven) based on ecosystem aspects.
Seabird species form part of the seascape and therefore may contribute to spiritual and cultural wellbeing.
Aesthetic benefits
Enjoyment of the beauty of coastal and marine seascapes.
Seabirds form part of the natural UK seascape and therefore make significant contributions to aesthetic benefits. Species which are coastal and/or found in larger colonies are likely to provide more of this good/benefit than those that are observed in lower densities further offshore.
Education, research
Enjoyment of formal and informal education, research and science, knowledge systems, etc. in which coastal and marine biota play a role and are a source of information.
UK seabird species have historically been well studied and therefore all have contributed to this good/benefit.
[27]
Health benefits
Relate to human physical and psychological health benefits associated with the direct and indirect use of the coastal and marine environment.
All seabird species are deemed to contribute to physical health benefits (e.g. exercise from physical activity). Some species are deemed to contribute and reinforce positive psychological and mental health benefits both from the pursuit of activities (e.g. recreation, education) and through existence values that reinforce connections to the natural world.
©2018, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/
Population of the UK seabird matrix.
The matrix (Figure 2 ) was populated based on a combination of expert opinion and knowledge of the existing literature. For this purpose, two independent teams of marine ornithological experts, based at the University of Hull and the University of Aberdeen, were tasked with completing the matrix with guidance from the authors of this paper. A set of explanatory notes were produced by each team which documented the reasons why particular scores were assigned. The shading of each cell represents the relative importance of each species in providing the respective intermediate ecosystem service or good/benefit (darker being more important, lighter less important). Some seabird species are more important than others in providing a particular intermediate ecosystem service or good/benefit and therefore scores should be interpreted within the context of all the seabird species assessed i.e. scores for individual intermediate ecosystem services and goods/benefits are relative between species up and down the columns in the matrix. The number within each cell relates to the level of confidence in the underlying evidence. Following [1] , where there was scientific, UK-relevant, peer-reviewed evidence establishing a link between a feature and an intermediate ecosystem service or good/benefit, the level of confidence was rated 3. A confidence level of 2 indicates support from non-peer reviewed grey literature (such as site management reports) or overseas literature that was not specifically relevant to either the UK or the particular species (e.g. a closely related species). Where the evidence was based purely on expert opinion, this was given a confidence rating of 1. This score also applies to findings that are so obvious there are unlikely to be published papers to such an effect, for example seabird species make zero contribution towards the delivery of the intermediate ecosystem service 'primary production'.
Combination of matrices based on a set of rules
The results from each independent team of experts were combined based on a series of combination rules (Table 3 ). This provides a sense check of the assessment, ensures that an objective approach is used to combine potentially differing results, and provides a clear 'paper trail' of any changes that were made. The rules for combining multiple matrices were developed specifically for this paper, and thus strengthen the transparency of the established matrix approach. 
Sense-check and subsequent refinement of the matrix
The draft matrix was circulated to external seabird experts within statutory bodies and their ornithological consultants to provide a further 'sense check' of the matrix and feedback on both the approach and the initial findings. Those who commented did so on the basis of expert judgement rather than formal peer-review. Fine-tuning amendments to ecosystem service scores (contribution and confidence levels) were made as a result of the feedback across five classifications, principally 'nutrient cycling', 'formation of seascape' and 'formation of species habitat', with minor amendments to scores for 'waste breakdown and detoxification' and 'food (wild, farmed)' resulting in the production of a final seabird matrix (Figure 2 ). Further details of the 'sense check' process are presented in [14] . 
Case Studies
In order to further investigate the results, the matrix ( Figure 2 ) was applied to four existing UK MPA case study sites ( Figure 3 of the Directive) and Article 4.2 (by regularly supporting a seabird assemblage greater than 20,000 seabirds) [45] . A description of each case study site is provided in Table 4 , including an assessment of the current conservation status and site management. Site specific seabird matrices for the four case study sites are included as supplementary material, with the findings summarised in the text below.
Further developments and applications of the matrix are discussed in Section 4. Common guillemot and Razorbill are considered in favourable conservation status, whilst Herring gull, Black-legged kittiwake and European shag are considered to be in unfavourable status [43] . The seabird assemblage is considered to be in favourable conservation status [43] .
Scottish Natural Heritage
No management plan.
[ 
Results
General Results
Although top predators in the marine environment, seabird species contribute to the provision of only a small number of intermediate ecosystem services (Figure 2) . Except for the 'formation of seascape', which has significant contribution scores for colonial seabirds (e.g. individuals nesting in large numbers on cliffs or on islands), seabirds appear to contribute at a low level to other intermediate ecosystem services, based on expert opinion and the evidence reviewed. Within the intermediate ecosystem services, the matrix scoring revealed some groupings of species that broadly reflected the ecological niches of the species. For example, omnivorous seabirds (species feeding on variety of type of food) such as the large gull species made similar contributions to the 'waste breakdown and detoxification' service. The grouping of species was also evident for the 'formation of species habitat' services, for which the ground-nesting species (seabirds that nest in burrows) significantly contributed to. The species grouping was further enhanced in the cultural goods/benefits, where several species of a similar ecological niche made significant contributions. In this instance, the nesting-habitat type was the key ecological factor in determining the level of contribution to cultural services: ground-nesting species that were exclusively confined to islands made lower contributions compared to seabirds occupying a broader range of nesting habitats (e.g. gull species nesting in coastal and urban areas). In simple terms, access and distribution of seabirds had the greatest influence on the cultural services that the seabirds provided. The confidence scores associated with the matrix also reflect the lack of UK peer-reviewed evidence (confidence score of 3) and thus highlights current gaps in evidence, with most scores relying on expert opinion (confidence score of 1) or at best UK grey literature (confidence score of 2), such as MPA site management reports in the case of 'tourism and nature watching' benefits.
Case Study Applications
Results from the site-specific matrices are presented as supplementary material, with the key findings summarised below.
'Formation of seascape' accounts for the principal contribution to intermediate ecosystem services by all species represented at the East Caithness Cliffs SPA, either significantly for the Common guillemot, Razorbill, Northern fulmar and Atlantic puffin, or moderately for the remaining species ( Figure A ; supplementary material). Other intermediate ecosystem services are largely confined to low contributions to 'nutrient cycling' and, to some extent, 'formation of species habitat'. However, it is within the six categories of cultural services where the importance of seabird species contribution to goods/benefits is most evident. While low or moderate contributions across the range are recorded for many, they are outweighed by the scale of significant contributions by the majority of species, based on both individual species and the impressive assemblages represented within the SPA.
Focussing on two of the key seabird species of interest at Flamborough and Filey Coast pSPA, Blacklegged kittiwake and Northern gannet, these species have been shown to provide a number of intermediate ecosystem services and goods/benefits ( Figure B ; supplementary material). In particular, Black-legged kittiwake provides a moderate contribution for the intermediate ecosystem service 'formation of seascape' and for the good/benefit 'aesthetic benefits', the contribution to these intermediate ecosystem services and goods/benefits were significant for Northern gannet, and both species made a significant contribution to the good/benefit 'education'. When looking at the wider seabird assemblage, which includes contributions from a range of seabirds including Common guillemot, Razorbill, Atlantic puffin, Northern fulmar, Herring gull, European shag and Great cormorant the range and significance of contribution to intermediate ecosystem services and goods/benefits provision increases.
The Skomer and Skokholm SPA and the resident seabird species make a number of significant and moderate contributions to the provision of intermediate ecosystem services and goods/benefits ( Figure C; supplementary material) . The presence of high levels of burrow nesting species (Manx shearwater and Atlantic puffin) provides a significant contribution of the supporting service of 'formation of species habitat'. The incidence of high numbers of nesting species such as the Atlantic puffin, Manx shearwater, Common guillemot and more transient coastal seabird species such as Lesser black-backed gull significantly and moderately contribute to the 'formation of seascape'. Within the cultural goods/benefits is the significant contribution of the listed species. For example, Atlantic puffin, Razorbill and Common guillemot all provide significant cultural goods/benefits with other species providing moderate cultural goods/benefits. This is apparent with the high level of wildlife tourism and bird watching associated with the Skomer and Skokholm SPA. For example, in 2014 there were 15,732 day visitors to Skomer between April and the end of September and 1,121 overnight guests that were based on wildlife tourism [44] .
Common guillemot and Razorbill, the two species currently breeding in levels of international importance at Rathlin Island SPA, provide similar levels of intermediate ecosystem services and goods/benefits; these species have a similar ecological niche, although the population of Common guillemot at the Rathlin Island SPA is four times greater ( Figure D; supplementary material) . With respect to the goods/benefits provided, the contribution of these two species to cultural services was significant and this is reflected by the status of the Rathlin Island SPA as one of the Northern Ireland's most iconic tourist destinations.
Discussion and Concluding Comments
One of the first challenges was deciding which marine bird species to include in the matrix. Given the focus of the paper on UK MPAs, the seabird assemblage present within designated UK sites was chosen. It could be argued that some of the species should not have been included within this list, for example the Black-headed gull and Mediterranean gull, as they both breed inland in freshwater habitats and use the near coastline only in winter; this is also the case for the majority of seaducks, divers and grebes species which were excluded from the matrix. However, the UK breeding seabird assemblage considered in this approach, which includes species from a range of conservation concern (e.g. six UK Red-listed species and 18 Amber-listed species), is a key interest feature of many UK SPAs, thus making this approach most relevant. Furthermore, the approach is ecologically coherent in the sense that it deals with species of broadly similar ecological niches i.e. UK species nesting in coastal areas and offshore islands in summer that disperse in coastal and offshore areas during the winter months. The strength of the matrix approach employed is that it allows for a modular approach and future assessments could include a wider range of species, for example in a coastal or estuarine context, the matrix could be expanded to include seaducks, divers and grebes wintering in coastal areas and waders/waterfowl using estuaries.
The population of the matrix was based on expert opinion and evidence from peer-reviewed and grey literature, where available. The confidence scores are essential as they allow users of the matrix to understand what level of understanding and evidence is available for a particular relationship between seabird species and ecosystem service provision. However it is recognised that where possible attempts to strengthen the underlying evidence base should be pursued.
This paper has further refined the matrix approach, with the development and application of a set of rules for combining matrices. This refinement has made the approach more objective, providing a sense check of scores produced by experts for inclusion within the assessment, and ensures that there is a transparent approach to combining multiple matrices, which is essential particularly in the context of any marine management or licencing decisions.
The results generated within this paper, provide the first known attempt to assess the relative importance of the provision of the full range of intermediate ecosystem services and goods/benefits by seabird species within the UK. A number of papers have attempted to address some of these relationships [56, 57, 58] , however the UK evidence base is currently very limited. The matrix presented here is an initial step in the process and will evolve in light of further evidence of the relationships between seabird species and ecosystem service provision.
The site specific applications of the matrix have raised a number of issues of interest to site management. For example, the impressive sights and sounds of iconic seabird species within the East Caithness Cliffs SPA contribute significantly to eco-tourism in the Moray Firth and the £65m annual economic contribution from trip based spending on bird and wildlife watching in Scotland [59] -of particular value to often remote, isolated communities. Protecting access to the marine food sources upon which the livelihood of both adult birds and young chicks depend, both within and outside the SPA, must therefore be a priority to maintain and/or enhance their status through managing the intense competition for marine space and development pressures within the region.
At Flamborough and Filey Coast pSPA, Black-legged kittiwake and Northern gannet populations show contrasting trends: whilst the Black-legged kittiwake population at the site has declined rapidly since the 1980s from approximately 83,700 pairs in 1987 to 37,617 pairs in 2008 [50] , the Northern gannet population has grown, from a few pairs in the 1980s, to currently over 25,000 individuals [50] . At a time when both the UK and the Flamborough and Filey Coast pSPA seabirds are declining (with the exception of Northern gannet) it is critical that every measure is taken to monitor the potential impact of offshore developments on the SPA features and that adequate mitigation is in place to safeguard the birds and their key foraging areas [25] . Indeed, there are several proposed offshore wind farm developments within the foraging range of seabirds breeding at the Flamborough and Filey Coast pSPA.
Finally, the recent £600,000 investment in the upgrade of the Rathlin Island Seabird Centre demonstrates the importance of this site for local tourism. Although not of international importance at the time of designation, Black-legged kittiwake are part of the qualifying seabird assemblage with a total of 9,917 pairs [53] . This small gull species which also nests on cliffs and is easily recognisable does however contribute less significantly to cultural services at a UK level, based on expert opinion, than Common guillemot and Razorbill. However, given the size of the Black-legged kittiwake population at Rathlin Island and the display offered when nesting on cliffs, it could be argued that the contribution of Black-legged kittiwake is equal to that of Common guillemot and Razorbill at a local level. This supports the case for potentially looking at seabird groups of similar ecological niche rather than individual species, when assessing their contribution to ecosystem services and good/benefits to society. Atlantic puffin, one of the most iconic UK seabird species, also nests at the site. Despite nesting in lower numbers than Black-legged kittiwake, Common guillemot and Razorbill, and being less easily observed, the Atlantic puffin is the flagship species of the RSPB reserve. Atlantic puffin, is by far the highest scoring seabird species for cultural services, and this may reflect the RSPB's strategy to exploit the public emotional affinity with Atlantic puffin and use this species as the flagship of the seabird assemblage, such as in the Rathlin Island SPA.
The case studies have thus demonstrated how the matrix can be applied within a local context. Under current UK legislation, there is no requirement to include ecosystem service assessments within the UK MPA network [1] . This however appears to be changing with a number of policy reforms that incorporate ecosystem service objectives. For example, the ecosystem approach is mandated by Scotland's National Marine Plan for the wider marine environment [60] . At the international scale, there is increased momentum and activity in incorporating an ecosystem service approach to guide conservation policy. The UN Convention on Biodiversity (CBD) Aichi targets were adopted in 2010 by the parties to the Convention and provide a strategy for addressing biodiversity loss, restoration and societal engagement. At its 10th meeting, the parties to the CDB [61] agreed to implement the Aichi targets and provide guidance on the updating of national biodiversity strategies. The strategy identifies that nations should "take effective and urgent action to halt the loss of biodiversity in order to ensure that by 2020 ecosystems are resilient and continue to provide essential services, thereby securing the planet's variety of life, and contributing to human well-being, and poverty eradication". This is particularly evident in Aichi Target 14 that states "By 2020, ecosystems that provide essential services, including services related to water, and contribute to health, livelihoods and well-being, are restored and safeguarded, taking into account the needs of women, indigenous and local communities, and the poor and vulnerable." [61] . Target 14 identifies that methods that map and value services should be identified through participatory processes and that outcomes should be integrated into development plans [62] . In response, the European Union subsequently developed the EU Biodiversity Strategy to 2020 which incorporates an ecosystem services approach and strongly recognises that biodiversity contributes to multiple societal benefits that should be captured to better inform planning and decision making around conservation [63] .
It is advocated here that incorporating an ecosystem services approach into assessments will contribute to understanding the wider benefits provided by species of conservation importance. This could have resonance with conservation managers seeking metrics to support the engagement of civil society in the ongoing management of sites. The matrix approach can also potentially act as a decision support tool in an expanded approach to strategic and environmental impact assessment, particularly with developments and consents that interact with designated sites. Site specific adaptations of the matrix could be included within existing site management plans (e.g. the Flamborough Head European Marine Site Management Scheme), or could be included within the development of future management plans (e.g. for the East Caithness Cliffs SPA) and linked to conservation objectives.
As highlighted for Rathlin Island above, the results gained open the case for potentially assessing the species contribution at an ecological niche level rather than at species level, which will enable the inclusion of a greater number of species using the marine and coastal environment e.g. shorebirds and wildfowl, and provide a better understanding of the role of birds to intermediate ecosystem services and goods/benefits to society. If seaducks, wildfowl and waders were included in the matrix at an individual species level, this would require in excess of 100 additional rows, and a considerable amount of resources to gather and assess the evidence to populate the matrix. Focussing at the ecological niche level may be a way to address this challenge, as it would assume that bird species within a particular niche will provide the same level of intermediate ecosystem services and goods/benefits. This is highlighted as an area for further investigation below.
Feedback from field research on the matrix approach using the Moray Firth region as a test case has demonstrated a willingness for new tools to aid participative governance in exploring marine spatial planning in relation to MPAs [14] ; the matrix was considered a useful tool for exploring the interdependencies of ecosystems with stakeholders and society, broadening perspectives on ecosystem complexities and vulnerabilities in the context of pressures arising from industry activities including those arising beyond MPAs. The ease with which the different ecosystem services were considered identifiable from the matrix, in particular the cultural services, enabled a natural exploration of the links with local habitats and species through the springboard of the matrix as a starting point for discussion. This was considered valuable in helping to reveal data gaps and how these might be addressed in stakeholder settings, including through citizen science, with the goal of further improving consideration and understanding of ecosystem service flows, trade-offs and interrelationships. Visual material to enhance understanding of the species (e.g. maps, photos) were considered to be potentially useful additions to the matrix to help bring the species to life for a general audience. The same research highlighted that working with stakeholders to examine ecosystem service flows in geographically specific areas would help to refine the attribution of matrix values which were noted by some during the consultation as either self-correlating because of the quantity of research, or subjective because of the interest of researchers focusing on particular iconic species. There is also the potential for locally driven matrices to adapt scores to their local circumstances which would reflect the importance of particular habitat and species assemblages and their associated services.
The matrix presented in this paper is only considered the first step, and it is hoped that as the evidence base develops, the matrix will evolve accordingly. A number of areas of further study have been identified that support future policy application and include:
 The potential to merge the seabird matrix, with those developed for habitats and species in the UK thus providing an integrated tool for local and regional assessment and incorporation into potential marine plans [1, 12] ;  The matrix could be linked to other existing matrices, such as those developed for sensitivity (pressures-MCZ/MPA features) [64, 65] so that ecosystem service provision can be assessed in relation to habitats and species, or linked to sensitivity to a particular pressure. This could benefit the assessment of potential impacts on conservation status from emergent or cumulative activities;  Improving the interactivity of the matrix via the development of an online search function which would also link to the underlying evidence base, thus improving dialogue with communities over the broad range of benefits that flow from SPAs and meeting national and international biodiversity commitments;  The matrix could be applied to assess species assemblages which may enable a semiquantitative assessment of ecosystem service provision at an individual site level based on the population numbers of each species within the assemblage and the level of service provided by each species, and  The seabird matrix could be linked to indicators of ecosystem services [21, 22] and could thus provide further insight into the state, behaviour and trajectory of ecosystem service provision over time. This could inform existing and new site (and species) specific management plans; quality assessments and strategic marine planning.
Nature conservation in the UK has historically been driven by European Directives [66] , with the designation of SPAs under the EU Wild Birds Directive and SACs under the EU Habitats and Species Directive. However, on 23 June 2016, the UK voted to leave the European Union ('Brexit') which now raises questions regarding the future of nature conservation and thus existing EU MPA designations in UK waters. It has been recognised by Boyes and Elliott [67] that it would be unwise for the UK to undo all the effort previously put into fulfilling the European Directives. However there is current uncertainty as to what form the Natura 2000 Directives will take in the UK once they are translated into national law under the Great Repeal Bill, recently proposed by the UK Prime Minister, or whether they will be repealed if they are considered to be too restrictive to economic growth. It is therefore advocated here that adopting a matrix approach could provide a valuable tool in demonstrating the wider benefits for society from Natura 2000 designations (SACs and SPAs) and MPAs. Results generated from the matrix may provide additional support for the UK Government to continue with the current monitoring and management regime for MPAs within UK waters, and thus support the ambition of achieving a UK-wide, ecologically coherent network of MPAs. 1 1 3 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 3 1 
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